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7. FILLING PROCEDURE DATA SHEET

7.1 Preparation procedures

Preparation procedures
Date: 27 RG \u X \ _ Company: wa.\ﬂ V Location:  OzpN Engineer: QY [/ \ 22 .

Step No. : Action and Description l Monitoring Value Result Comment Time
1. Take by hand environment conditions
2. Temperature: Humidity: Pressure:

O %RH MPa
3, Calibrate the volume of the filling box;(Vbox= 0.021 liter)
4. Calculate the volume of the two connecting tubes and valves;
5. ‘mo_@n_p filling environmental temperature, e.g., 22°C; Troom
6. Wrap a heating tape around the filling tube outside the box; N
i Prepare an electronic balance with full scale more than 4200g and

accuracy of 0.1g; v
8. Prepare a bottle of pure N» gas for volume calibration
9. Prepare high purity (99.99%)CO; bottle for filling; o
10. Prepare a barrel with ice water mixture for cooling the vessel; "y
11. repare a fan for cooling TTCS accumulator during filling; Vv
12. Connect a dry mechanical pump to the vacuum connector; >
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Filling system leak rate examination
Date: 3, /,, \ v w_ Company: 3 Q). Location:  C2p// —C M8 prrea ) Engineer: <X \ ZR
Step No. “ " Action and Description Monitoring Value Result Comment |/ Time
10. Flash the filling system
11. QM_:WQ the N, bottle to the connector 2
12. Open the bottle valve and valve 2 40x1bar (o bay o

Pressurize the filling system slowly

13. Close valve 2 and open vacuum valve 2+0.5bar

Release the N2 from the system slowly

14. Open the bottle valve and valve 2 40+1bar S ber

Pressurize the filling system slowly

o nk.ﬂ

15. Close valve 2 and open vacuum valve 2+0.5bar

Release the N2 from the system slowly

16. Open the bottle valve and valve 2 40x1bar cobar

Pressurize the filling system slowly

N o4

17. Close valve 2 and open vacuum valve 2+0.5bar

Release the N2 from the system slowly

\vz&\mz Tﬁ%g\\ mae N rbag
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Title

FM TTCB Filling and venting procedure ISSUE 20

Filling system volume determination

Date: Company:

Location:

Engineer:

Step No.

Action and Description

Monitoring

Value

Result

Comment

Time

seal the extend filling tube with the other end connected to connector 1
of the filling box;

Note: the need of redetermination of the filling system is due to the use
of additional extend filling tubes, therefore, the extend filling must be
connected to the filling box with the other end sealed.

On the other hand, we could skip this procedure if we can rely on the
calculation of the volume of the additional extend filling tubes. Then :

Vir=Viiling_sysem™ Y C_extend tubes

Dena vth ]
Volune o

TTes Lowp
by mana]

Close valve 1, valve 4 and the N, bottle valve, open valve 2, valve 3, the
SV 1.5 valve, pressure regulator and the vacuum valve slowly, pump the
SV 1.5 and the filling box down to 30Pa;

Evacuate Time

Vacuum
reading

gauge

1~2 hours

<30Pa

Close the vacuum valve open the valve of the N; bottle
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Title FM TTCB Filling and venting procedure S =0
Filling system volume determination
Date: _ Company: Location: Engineer:
Step No. Action and Description Monitoring Value Result Comment Time
16. Wait about ten mins, take by hand the pressure as P2’ and the average | P2’
reading of the three PT1000s in the filling system as T’.
(here T, is comparable to Ty, With range of £1°C); No.1 Pt1000 Tt 1’0
No.2 Pt1000
No.3 Pt1000 Troomt1°C
‘._.._.ooEHHsﬁ
17. Close valve 1, valve 3, SV1.5 valve;
18. Disconnect SV1.5 from the connector 3;
19. Weight the SV 1.5 with the electronic balance again, as M’ yigogen2;
20. The nitrogen mass inside the filling system including tubes is:
Mpr= gua:omoi .Eg..z_.:.omo:m“
21. The volume of the filling system including tubes is determined by the
ideal gas equation , where
. ~\ terral = |© skm L.
M o RT, o
Vg =—
Sacdmo: P 2
Myirogen= 28g/mol for nitrogen, and R is the gas constant;
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Title FM TTCB Filling and venting procedure ISEUE 20
TTCS volume determination
Date: .MN\Q \L\é il _ Company: ,\v;,\w s Location: ¢ 77/ Engineer: C i} \ Z2
Step No. ’Action and Description Monitoring Value Result Comment " Time
27. Connect a dry mechanical pump to vacuum connector V
28. Connect the TTCS loop to connector 1;
Longer extend tubes may be used and height difference may exist
between the TTCS loop and connector 1. Vv
Note: The extend tube between connectors and valves must be A
; _‘ L | 4 wf
supported to reduce strain. N betllo sofit h s ety no T:Q. e | t
29. Close valve 1, valve 4 and the N, bottle valve, open valve 2, valve 3, the | Evacuate Time 1~2 hours o
Wil i i
SV1.5 valve, pressure regulator and the vacuum valve slowly, pump the | Vacuum  gauge v '3 \u M 14213
SV1.5 and the filling box down to 30Pa; reading <30Pa 4 & my _:5% . 414,
/o engm . u.w?o? 438
m . "
0 Close the vacuum valve open the valve of the N, bottle . t wsh ‘72t mps 14 s cf
= = " ey N 7 = = | ._q \
31. Fill the SV1.5 with N, up to 4.5MPa, then close valve 2; waiting until | Evacuate Time 0.5~Thours . kPo?; ] p al. 14228 .
pressure and temperature of the standard vessel is stable. Take by hand | P1 . 7 /
e D
the pressure as P1. No.1 Pt1000 Troomt1°C St tovp . NM |
Take by hand the average reading of the three PT1000s in the filling o2 BLRI00 +1°C veRp ol prefRi 22 1422
No.3 Pt1000 Troonrt [3 =350 ; N
system as T;. 0 :
u.cn_u..._ul O
(here T, is comparable to Troom With range of £1°C); m negC > O 1430
~ B4mpa| T
= i ;
T2 25, . _ N betlle
T wu_ O —— peom.
To= ) —— A betip
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Pa = Hq\vm._ \\uhm\t.
AMS-TTCS Page ¥
- §M\)r | ¢ e i/ 2 \ ‘.lmxm\.\;\u y .
AMSTR-SYSU-PR-024 OF 5 pro#rize Al from SYLS t0 TTESTy \,, %
Title FM TTCB Filling and venting procedure | oot | 20
TTCS volume determination .
Date: 57 //0 \ 2008 | Company: w),? ) . Location: (7Z1/)/ . Engineer: (XA /2%
Step No. Action and Description Monitoring Value Result Comment "Time
37. Wait a period of time (0.5~1hours), take by hand the loop pressure as P2 | P2 ol Py 2p2 37 P
and the average reading of the three PT1000s in the filling system as T». - g
Ura..\s g 2, ~ 33"
(here T, is comparable to Ty With range of £1°C); No.1 Pt1000 Tl 'C i\m Paltas k
No.2 Pt1000 i ‘ﬁ_,cx "ng ww\“ £ em —
0, / {
No.3 Pt1000 Tioom®1'C 4.\ o GRT T PR 1~ w?wm.,
Troom®1°C 3 s extibls PP,
roomE AM _ SR
38. Close valve 1, valve 3, SV1.5 valve and the TTCS valve;
39. Disconnect SV1.5 from the connector 3; . S?, fgeas = 2(802. 5 9
40. Weight the SV1.5 with the electronic balance again, as Mujgogen2: T mm\“\:iﬁ\ w?vn Vs 9::& . T >.~?mhu¢a¢§ e ARTD.3- S
41. The nitrogen mass inside the loop and the filling system is: - - 4 / i
i 9"V 3 L« 9342754
g_._:nomczﬂ g::&w@: Ig_:gwaswv ) =2 il .
42, The volume of the loop is determined by the ideal gas equation , where e \m@mzﬁﬁdvﬂﬁ e = 0000 . C
M. . RT =~ 1433k
a\...%w _ P onitrogen Tt 72 A\H. <ﬂﬂl . 2 QW :
S::._.owm: -UM - > @%.rﬁwqm w00 sA.U r :
Myirogen= 28g/mol for nitrogen, and R is the gas constant; - e\ exdep) = 0.0 oA §-o. ofP.=.0.0 \Nm
43. Determine the fill mass by Mc 1 =V,,FR (where FR = 569.60 g/l).

\UDN..&:H!Y\F,(_P e \\\ Mea g S \m\n \ll.v.!afr..ﬂ S

\.:. e gl /Y A = _\

.\d.‘ﬁ?nrr\ qu__NFPY N
o)
Mﬁ uu.n\e.lu! m WWNYSL.S = A JN n\u\f@

«\\%

De N.P_\.x\s.in\

mmm&@l._r D, ﬂwm\wwwm
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AMS-TTCS

AMSTR-SYSU-PR-024 OF 64

Title FM TTCB Filling and venting procedure ISSUE 20

Fill a standard vessel with CO, from a Gas bottle

Date: =6/, / .&éw‘. _ Company: < «_\m vV Location: C {1/ Engineer: wx H \ \w 2

|

Step No. ” Action and Description Monitoring Value Result Comment

/ Time

3. Connect the SV1.5 (here anyone of the two SV1.5 can be used) to
connector 3;

Note: Longer extend tube may be used and height difference may exist
between the SV 1.5 and connector 3.

Note: The extend tube between connectors and valves must be

supported to reduce strain.

(For the new connectors, wrench screw nuts with one and quarter

circles. For the used connectors, wrench the screw nuts further tightly.)

4. Connect a high purity CO, gas bottle to connector 2;

5. Connect a dry mechanical pump to vacuum connector

Close valve 1 ,valve 4 and the gas bottle valve, open valve 3, valve 2 ,

pressure regulator, the vacuum valve and the SV 1.5 valve;

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of SUN YAT-SEN UNIVERSITY.
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Title

FM TTCB Filling and venting procedure ISSUE 2.0

Fill a standard vessel with CO, from a Gas bottle

Location: D|w\_~\~\\.

Engineer: wx}. \ N.W

Step No.

Date: VQ..\.\O \P?uw_ Company: .WJ\. Wd.\
{

¢ " Action and Description

Monitoring

Value

Result

L re
Comment Time

10.

After a period of time (2 hours~3 hours), close the SV1.5 valve, valve 2
and valve 3;

Estimate weight by electronic balance without disconnecting SV1.5,
check whether it meets required mass in the SV1.5. If CO2 filled into
the SV1.5 is less than the required mass, then put the SV1.5 back to the
barrel, and open valve 2, valve 3 and the SV 1.5valve.

During the estimation of weight without disconnecting SV1.5, the
extend tube between the SV1.5 and filling box should be put up slightly
in order to get real weight of the filled SV1.5 as possible as we can, and
even though, the extend tube still account for about 200g in total

estimating weight.

Waiting time

Estimating weight

2 hours~3 hours

WEO|<m+Nccm

weght

bettle +

with o Se

0, = ww«%.

alo %Q\N Lrof |

11.

Disconnect the SV 1.5 from the filling box, and dry the SV 1.5 surface;
Seal the extended tube.

Dry and clean the
SV1.5 surface

12.

Weight the filled SV1.5 with a electronic balance, as Mpijed_vs;

gm_ illed_VS

13.

Take by hand the filled CO, mass Mo vs = Mrilea_vs — Mg_vs;

Mo _vs

14.

If Mo _vs > (Mc_vs — Mg _vs), open the SV1.5 valve very slightly to

release a little CO, gas, close SV1.5 valve;
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Title

FM TTCB Filling and venting procedure st

7.6

Calibration of the filled mass

W/

Calibration of the filled mass

Date: Company:

Location:

Engineer:

Step No.

Action and Description

Monitoring

Value

Result

Comment

Time

1L

Take by hand environment conditions

2.

Temperature: Humidity: Pressure:
O %RH MPa

Set the filling environment temperature as 22°C

Connect the filled SV1.5 (the SV1.5,.1) to connector 3;
Note: Longer extend tube may be used and height difference may exist
between the SV 1.5 and connector 3.

Note: The extend tube between connectors and valves must be

supported to reduce strain.

(For the new connectors, wrench screw nuts with one and
quarter circles. For the used connectors, wrench the screw nuts

further tightly.)

Connect another standard vessel (VS_B) to connector 1 with the same

extension filling tube for filling the TTCS loop;

Connect a dry mechanical pump to vacuum connector
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AMS-TTCS Page °
AMSTR-SYSU-PR-024 oF &
Title FM TTCB Filling and venting procedure =lE el
Calibration of the filled mass
Date: _ Company: Location: Engineer:
Step No. Action and Description Monitoring Value Result Comment Time
13: Watch the reading of the digital pressure gauge. When the pressure and | APS reading of 5.995+0.1MPa
temperature is close to the set value, switch on the heating tape on the the filling system
filling tubes. Temperatures of | 25°C
When the pressure is equal to 5.995MPa, close the TTCS loop valve, e filHaEEe R AN
valve 1, the SV1.5 valve, and valve 3, respectively; tubes
14. Switch off the filling box heater and the heating tape;
15. Unwrap the VS_A;
16. Disconnect the VS_A and the VS_B r espectively;
17. Weight the VS_A and the VS_B, as Mo g vsa and Myijed vs. B »
respectively
18. From (MFiliea_vs— Mo_r_vs_a), we have the mass of CO, out of SVI.5; | (MFiea_vs—
from (Mrinea_vs_s Mg _vs_s), We have the mass of CO, into VS_B; Mo g vs.a)
(MFinea_vs_g
Mk _vs_5)
19. Obtain the mass loss  Miges=(Mriea_vs—Mo_r_vs_a)—(MFinea_vse | Mioss
Mg _vs_p);
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Title FM TTCB Filling and venting procedure ISSUE 20

77 Fill TTCS loop with CO, from SV1.5

Fill TTCS loop with CO; from SV1.5

Date: vﬁ\u \h%... g _ Company: Location: Engineer:

Step No. Adtion and Description Monitoring Value Result Comment

Time

L Take by hand environment conditions

2. Temperature: Humidity: Pressure:
g %RH MPa

3. Set the filling environment temperature as 22°C B m 0- pottle + COJ,

w94 [rlass -

fl

3

(4N

4. Connect the TTCS loop to connector 1 with an extended filling tube. \

Note: Longer extend tubes may be used and height difference may

exist between the TTCS loop and connector 1.

The extend tube between connectors and valves must be

mechanically supported to reduce strain.

S. Connect a high purity CO, gas bottle to connector 2;

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of SUN YAT-SEN UNIVERSITY.
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Title

FM TTCB Filling and venting procedure ISSUE 2.0

Fill TTCS loop with CO, from SV1.5

Company:

Date: Vw\ve \u\,\cw _

Location:

ceRV

Engineer: <

h/22.

w,ﬁac

Action and Description

Monitoring

Value

Result

Comment

{ Time

Stop the He-mass spectrometer and replace it with a dry mechanical

pump.

Follow the section of 7.5 (fill a standard vessel with CO, to from a
Gas bottle) to fill SV1.5 to Mgjieq_sv;

Miinea_sv

Put three PT1000 vertically on the side surface of the SV1.5 by using
adhesive tape. Then wrap the SV1.5 with heater with Pt1000 in the joint
of the heater.

Note: check them can work or not

(No.1 PT1000 for control, No.2 PT1000 and No.3PT1000 for monitor.
During the filling CO2 from the standard vessel to the TTCS loop No.1
PT1000 should be paste on the middle of the standard vessel’s side face;
the other two PT1000s should be paste on the top and bottom of the

standard vessel’s side face).

NO.1 Pt1000

reading

NO.2

reading

Pt1000

NO.3
reading

Pt1000

Ok or not

Ok or not

Ok or not

Insulate the filled vessel and connect the SV heater with the socket in
the filling box.

Open the vacuum valve, valve 1, valve2, valve 3, valve 4 , the TTCS

loop valve and the pressure regulator

Vaewum TTES

FJV,
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Title FM TTCB Filling and venting procedure IS 20
Fill TTCS loop with CO, from SV1.5
Date: 2 w\ ref 2029 _ Company: m/ﬂ@\ﬁ . Location: CZR N Engineer: SXA \ 2
Step No. Action and Description [ Monitoring Value Result Comment |’ Time
19. Put the SV1.5 with the connected tube on the electronic balance. DPS reading of | <0.5bar

Open the SV1.5 valve slowly, then close the SV1.5 valve, slowly open | the TTCS loop
valve 1 to fill the CO2 into the TTCS loop to prevent pressure spike to
the sensors. Repeating on and off the SV1.5 valve and valve 1 in turn
until pressure of the TTCS loop is up to 3MPa, and then slowly open the

SV1.5 valve and valve 1.

v’

20. ‘ Switch on the filling box heater and the standard vessel heater (to | NO.1 Pt1000 | 30+0.5°C
control the box temperature to 25°C step by step); reading 30+1°C wN r
If possible, the standard vessel should be heated with a temperature | NO.2 ~ Pt1000 | 30+1°C
interval of 5~10°C. reading
If heat power of the filling box heater is not enough, using additional | NO.3 ~ Pt1000
heat gun to warm up the SV1.5 reading
21. Use the fan to cool the accumulator

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of SUN YAT-SEN UNIVERSITY.
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AMS-TTCS
AMSTR-SYSU-PR-024 OF 64
Title FM TTCB Filling and venting procedure ISSUE 20

7.8 Venting CO, from the TTCS loop

Venting CO2 from the TTCS loop

°C

Date: _ Company: Location: Engineer:
Step No. Action and Description Monitoring Value Result Comment Time
1. Take by hand environment conditions
2. Temperature: Humidity: Pressure:
%RH MPa

Switch on TTCE Terminal and go to the interface TTCE-2

Write down the PT01 and PTO3 temperatures PT01 and PT03 >22°C

Connect the TTCB valve, filter, stainless tube and extended tube

by

al | B w

by

Open the TTCB valve a little to release CO; gas slowly while switch on | PTO1 and PT03 >17°C
the ground accumulator heater (GAC) with 30%

Monitor PTOI and PT 03, once either temperature is below 18 °C, stop
venting by closing TTCB valve.

7. Use a hot air gun, or hot water bath, to heat up the exit of the stainless

exhaust tube

8. Repeat steps 6 and 7, until the pressure is down to 1.5 bar APS reading 1.5+0.1bar

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of SUN YAT-SEN UNIVERSITY.
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8.2 Error analysis of volume determination of TTCS
loop by indirectly measuring the Nitrogen mass inside

the loop

Assumption: no leakage to the measuring system, including the TTCS loop and the filling
system, during the filling; and the temperature and its uniformity be controlled within +2K; the
volumes of the standard vessel to fill to loop (Vysg) is about 1.5 liter, and the volume of the loop is
about 1.5 liter (Vi = Vys); the accuracy of the electronic balance is 0.1g (AMp); no nitrogen

absorption on the inner surface of the TTCS loop that made of stainless steel.

1) Error analysis for the measured volume the filling system including the filling tubes.
Fill nitrogen with the SV1.5 to a pressure of 4.5MPa; weight the mass of the filled SVI1.5
M’ yitrogens. Connect the vessel to the filling system and release the nitrogen slowly. Weight the
mass of the SV1.5 again M’ ,yggen2, the nitrogen mass filled into the filling system can then be
calculated: Mpr = M yirogeni=M nitrogen2, ANd AM,jitrogen = AM; +AM; = 2AMp. To the volume of the
filling tube of the filling system is about 0.042 liter. Even with additional tube of 5m long and
3mm in inner diameter, which is about 0.035 liter, the nitrogen mass inside filling tube is about a
few percentages of that in the SV1.5 and the pressure inside is about the same as the initial

pressure of SV1.5. The estimated N, mass is:

1 PDVVSnini.'mgen .
’

B 20 R,
Assuming Py = F, , the error of Vir

AVip ARy,
v P

T

AMy ATy
Mo T

T

£ FT

_0.1%FS +40 AM ,RT, 2 A
Fy FVysm Ty

nitrogen

is about 6.3%

2) Error analysis for the measured volume of the loop and filling tube
Similarly, connect the filled vessel to a vacuumed loop and release the nitrogen inside the filled

VS1.5 slowly until equilibrium is established. Weight the mass of the SV1.5 again M,jogen2, the
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best accuracy of £0.1g (AMp). (Based on our experiments), any mass loss is less than 1g.
According to Annex 8.2, the error of the loop volume is about 2.4%, so the calculated filled mass
Mear = FrVjeq, (=860g) has also the error of=2.4%.

(1) The error from weighting CO, mass is

AM=AM,-AM =2 AMp=10.2g.

(2) The error from the filling loss in the filling system, the CO, mass remained the filling tube
of filling system plus additional tube with length of 5m (0.077L) is about 12.75g based on NIST
refrigerant properties database.

The error of total filled mass of TTCS is

AM AV
corio _ AV | 2M 5+ Miys _ 5 4o 11271.5/569.6 = 2.6%
Mcm_lmp V, V. xFR

loop loop

Therefore, we have total CO, mass accuracy of +2.6%, which meets the requirement of 4 %.

Conclusion:
Although the volume error is larger than 2% (required in Ref.1), the mass error (2.6%) is still
within that required (4% in the Ref.1)

The impact of using electronic balance with accuracy of 0.1g other than 0.01g is that, the error of
loop volume determination is obviously increased, which will be transferred to corresponding

mass error. The impact on weighting itself is little.
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Total filling CO,
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L )
cO2 in the TTCB Remained CO2
- Ttisz iI?hasf:) (superheated) CO2 mass for leakage
Mii_cal Mrterained (ignored)
( ]
€02 magsvrggained in CO;mass in filling tube

Figure 8-3 CO, mass distribution between the filling system and the TTCS loop after finishing

filling

8.5

Calculation example

1) Calculation of Mc¢

Assumed : V| oop= 1.55L

So_

Mg o = FRXVjo0p

= 569.60/Lx1.55L

= 882.88q

The above calculated CO, must be filled into the TTCS regardless of what

temperature you choose for the filling.

2) Calculation of M¢ g

If we choose 25°C for the filling, so the retained mass of CO. in the filling system

including filling box, two extended tube and the stand vessel can be calculated as

below:

Known conditions: T ..p(chosen)=22°C, P(corresponds toT,...(chosen))=5.995MPa,
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27.00 6.727 678.4 267.3 284.2 389.0 1.279 1.628
28.00 6.882 657.5 285.1 289.7 384.0 1.296 1.609
29.00 7.042 631.7 307.8 296.3 377.5 1.317 1.586
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